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(57) ABSTRACT

The distance measurement and photometry device includes: a
case having an opening in its front surface; a rectangular lens
array which is located on a front surface side of the case,
which is made of a transparent resin material, and in which
first and second distance measurement lenses and a photom-
etry lens located between the distance measurement lenses
are integrally formed in line; an image sensor board which is
shaped like a thin plate, which is arranged on a back surface
side of the case, and which is located opposed to the lens
array; and two-dimensional distance measurement image
sensors and photometry image sensor which are arranged on
the image sensor board.

8 Claims, 5 Drawing Sheets
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1
DISTANCE MEASUREMENT AND
PHOTOMETRY DEVICE, AND IMAGING
APPARATUS

CROSS-REFERENCE TO THE RELATED
APPLICATION

This application is based on and claims the priority benefit
of Japanese Patent Application No. 2010-22353, filed on Feb.
3, 2010, the contents of which are incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a distance measurement
and photometry device for measuring a distance to a mea-
surement target as well as measuring the brightness of the
measurement target, and to an imaging apparatus, such as a
digital still camera or a digital video camera, including the
distance measurement and photometry device.

2. Description of the Related Art

Heretofore, in a digital still camera (hereinafter called a
“digital camera”) and the like including external measure-
ment type distance measurement device and photometry
device, the distance measurement device and the photometry
device are integrated into one unit for reduction in size of a
camera main body and the like (see Japanese Patent No.
3958055, for example).

A distance measurement and photometry device shown in
Japanese Patent No. 3958055 includes multiple pairs of dis-
tance measurement line sensors and multiple photometry sen-
sors arranged between the multiple pairs of distance measure-
ment line sensors, the distance measurement line sensors and
the photometry sensors being arranged on a single chip.

However, since the distance measurement line sensors are
arranged for the entire image plane in a digital camera includ-
ing the conventional external measurement type distance
measurement and photometry device, the digital camera can
perform distance measurement only on three distance mea-
surement regions, i.e., a central portion of the image plane and
portions to the right and left of the central portion. This poses
aproblem that distance measurement cannot be performed on
a main object accurately if the main object is located near an
upper left portion of the image plane which is outside the
distance measurement regions, for example. Further, regions
in which photometry is performed by the photometry sensors
are located near the three distance measurement regions. This
poses another problem that photometry cannot be performed
on a main object accurately if the main object is located near
an upper left portion of the image plane which is outside the
photometry regions, for example.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a distance
measurement and photometry device and an imaging appa-
ratus using the distance measurement and photometry device
which allow performing accurate distance measurement and
photometry wherever a measurement target is.

To achieve the above object, a distance measurement and
photometry device according to an embodiment of the present
invention includes: a pair of distance measurement sensors
arranged at a predetermined interval; a photometry sensor
arranged between the distance measurement sensors; a pair of
distance measurement lenses configured to form images of a
distance measurement target on the distance measurement
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sensors, respectively; a photometry lens configured to form
an image of the distance measurement target on the photom-
etry sensor; a distance calculation unit configured to calculate
a distance to the distance measurement target on the basis of
a signal outputted from each of the distance measurement
sensors; and a photometry calculation unit configured to cal-
culate brightness of the distance measurement target on the
basis of a signal outputted from the photometry sensor. The
distance measurement sensors and the photometry sensor are
formed on a single sensor board and are each a two-dimen-
sional sensor having a plurality of light receiving elements
arranged in a planar fashion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a front view showing a digital camera which is an
example of an imaging apparatus including a distance mea-
surement and photometry device according to a first embodi-
ment of the present invention.

FIG. 2 is a block diagram showing a brief system configu-
ration of the digital camera according to the first embodiment.

FIG. 3 is a schematic cross-sectional side view showing the
distance measurement and photometry device according to
the first embodiment.

FIG. 4 is a plan view showing paired distance measurement
image sensors and a photometry image sensor of the distance
measurement and photometry device according to the first
embodiment.

FIG. 5 is a schematic view illustrating the principle of
distance measurement by the distance measurement and pho-
tometry device.

FIG. 6 is a plan view showing multiple image sensors
formed on a semiconductor wafer.

FIG. 7 is a block diagram showing a brief system configu-
ration of the digital camera according to a second embodi-
ment.

FIG. 8A is a view showing an example of an image taken
with lenses zoomed out to a wide-angle side, and FIG. 8B is
a view showing an example of an image taken with the lens
system zoomed in to a telephoto side.

FIG. 9A is a side view showing paired distance measure-
ment lenses and three photometry lenses, which are different
in angle of view, of a distance measurement and photometry
device according to the second embodiment of the present
invention, and FIG. 9B is a side view showing paired distance
measurement image sensors and three photometry image sen-
sors, which are arranged between the sensors, of the distance
measurement and photometry device according to the second
embodiment.

FIG. 10A is a view showing five distance measurement
frame regions set in the pixel plane of each distance measure-
ment image sensor of the distance measurement and photom-
etry device according to the second embodiment, and FIG.
10B is a view showing a distance measurement target region
set near the center of the entire pixel plane of each distance
measurement image sensor when the imaging angle of view
of the imaging lens system 2 is shifted to the telephoto side.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments of the present invention will be
explained in detail hereinafter with reference to the accom-
panying drawings.
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First Embodiment

FIG. 1 shows a digital camera which is an example of an
imaging apparatus including a distance measurement and
photometry device according to a first embodiment of the
present invention.

(Exterior Configuration of Digital Camera)

As shown in FIG. 1, on a front surface (anterior surface)
side of a digital camera 1 according to this embodiment, an
imaging lens system 2, a lens array 4, and the like are
arranged. The lens array 4 is located on a front surface side of
a distance measurement and photometry device 3. On a sur-
face of the lens array 4, first and second distance measure-
ment lenses 5a and 556 and a photometry lens 6 are formed
integrally (the distance measurement and photometry device
3 will be described in detail later). The first and second dis-
tance measurement lenses 5a and 55 are arranged in a hori-
zontal direction at a predetermined interval. The photometry
lens 6 is arranged between the first and second distance mea-
surement lenses Sa and 5b. The imaging lens system 2, the
first and second distance measurement lenses 5a and 54, and
the photometry lens 6 have optical axes parallel to one
another.

(System Configuration of Digital Camera 1)

As shown in FIG. 2, the digital camera 1 includes: the
imaging lens system 2 having multiple lens groups; an aper-
ture unit 10 having a shutter function; a CCD image sensor 11
being a solid-state image sensor configured to form an image
of'an objectimage coming through the imaging lens system 2,
on a light-receiving surface; a signal processor 12 configured
to capture an imaging signal (electric signal) outputted from
each pixel of the CCD image sensor 11 and to convert the
captured signal into image data which can be displayed and
recorded; a manipulation part 13 including a release button 7,
an imaging mode switching button 8, and the like (see FIG.
1); a controller 14 configured to perform control on the entire
system of the digital camera 1 based on a control program
stored in a ROM (not shown) in response to manipulation
input information from the manipulation part 13; a liquid
crystal monitor (LCD) 15 configured to display the image
data generated by the signal processor 12; a focusing lens
driving part 16 configured to drive a focusing lens group of
the imaging lens system 2; an aperture unit driving part 17
configured to drive the aperture unit 10; the external measure-
ment type distance measurement and photometry device 3
configured to measure a distance to an object and to measure
the brightness of the object; and the like. The image data
generated by the signal processor 12 is stored in a memory
card 18 which is detachable from the digital camera 1.

(Configuration of Distance Measurement and Photometry
Device 3)

As shown in FIGS. 3 and 4, the distance measurement and
photometry device 3 includes: a case 20 having an opening in
its front surface (upper side in FIG. 3); the rectangular lens
array 4 which is located on a front surface side of the case 20,
which is made of a transparent resin material, and in which the
first and second distance measurement lenses Sa and 56 and
the photometry lens 6 are integrally formed in line (in a
horizontal direction of the digital camera 1); an image sensor
board 21 which is shaped like a thin plate, which is arranged
on a back surface side (lower side in FIG. 3) of the case 20,
and which is located opposed to the lens array 4; distance
measurement image sensors 22a and 225 being planar (two-
dimensional) distance measurement sensors arranged on the
image sensor board 21; a photometry image sensor 23 being
a planar (two-dimensional) photometry sensor arranged on
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the image sensor board 21; and a circuit board 24 arranged on
the back surface of the image sensor board 21.

The paired planar distance measurement image sensors
22a and 22b are arranged opposed to the first and second
distance measurement lenses 5a and 55. Meanwhile, the pla-
nar photometry image sensor 23 located between the distance
measurement image sensors 22a and 225 is arranged opposed
to the photometry lens 6.

The planar light-receiving surfaces of the respective dis-
tance measurement image sensors 22q and 225 and photom-
etry image sensor 23 have the same size and the same number
of'pixels. Moreover, a predetermined gap is provided between
the photometry image sensor 23 and each of the distance
measurement image sensors 22a and 225.

The distance measurement image sensors 22a and 225 and
the photometry image sensor 23 on the image sensor board 21
are image sensors, such as CCDs or CMOSs, integrally
formed on a semiconductor wafer with a known semiconduc-
tor process, and each having multiple light receiving elements
(pixels) arranged in a lattice (the distance measurement
image sensors 22a and 225 and the photometry image sensor
23 will be described in detail later).

The optical axes of the respective first and second distance
measurement lenses Sa and 55 and photometry lens 6 are
parallel to one another. The diagonal centers of the light
receiving surfaces of the distance measurement image sen-
sors 22a and 225 and photometry image sensor 23 are posi-
tioned to substantially match the optical axes of the lenses
(the first and second distance measurement lenses 5a and 56
and the photometry lens 6), respectively.

The first and second distance measurement lenses 5a and
5b have such focal distances that light beams from the object
that have entered the first and second distance measurement
lenses 5a and 56 may form images on surfaces of the distance
measurement image sensors 22a and 225, respectively. The
photometry lens 6 has such a focal distance that a light beam
from the object that has entered the photometry lens 6 may
form an image on a surface of the photometry image sensor
23.

Further, it is designed such that the angles of view of the
first and second distance measurement lenses 5a and 56 and
photometry lens 6 may be each substantially equal to the
angle of view of the imaging lens system 2. This allows the
distance measurement and photometry device 3 to perform
distance measurement and photometry on the entire image
plane that covers the entire light receiving surface (imaging
region) of the CCD image sensor 11.

The circuit board 24 is provided with a distance measure-
ment calculation part 25, a photometry calculation part 26,
and the like. The distance measurement calculation part 25 is
configured to capture pixel output signals outputted from the
pixels of the distance measurement image sensors 22a and
22b and to calculate a distance to the object by calculating the
displacement (parallax) between the object images respec-
tively formed on the distance measurement image sensors
22a and 22b. The photometry calculation part 26 is config-
ured to capture pixel output signals outputted from the pixels
of'the photometry image sensor 23 and to calculate the bright-
ness of the object.

The distance information thus calculated by the distance
measurement calculation part 25 and the brightness informa-
tion thus calculated by the photometry calculation part 26 are
outputted to the controller 14. The controller 14 includes a
distance calculation unit configured to calculate a distance to
a distance measurement target on the basis of the signals
outputted from the distance measurement sensors, and a pho-
tometry calculation unit configured to calculate the bright-
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ness of the distance measurement target on the basis of the
signals outputted from the photometry sensor. The controller
14 outputs a drive control signal to the focusing lens driving
part 16 on the basis of the inputted distance information so
that the camera may be focused on the object, and outputs a
drive control signal to the aperture unit driving part 17 on the
basis of the inputted brightness information so that the object
may be correctly exposed.

Now, description will be given of the principle of distance
measurement performed by the distance measurement and
photometry device 3.

As shown in FIG. 5, an image of a certain point on an object
A is formed on the surface of the distance measurement image
sensor 22q as an object image al and an image of the certain
point is formed on the surface of the distance measurement
image sensor 22b as an object image a2 with the object
images al and a2 displaced from each other by a parallax A.
The images are then received by the multiple light receiving
elements (pixels) and converted into electric signals. Note
that, in FIG. 5, the photometry lens 6 arranged between the
first and second distance measurement lenses Sa and 56 and
the photometry image sensor 23 arranged between the dis-
tance measurement image sensors 22a and 224 are omitted.

The following formula (1) is satisfied when A indicates the
parallax, D indicates a distance between the optical axes of
the first and second distance measurement lenses Sa and 5b
(base-line length), L indicates a distance between the object A
and each of the first and second distance measurement lenses
5a and 5b, f indicates a focal distance of each of the first and
second distance measurement lenses 5a and 54, and when
L>>f.

L=DA

Since D and fare known, the distance L between the object
A and each of the first and second distance measurement
lenses 5a and 56 can be calculated by causing the distance
measurement calculation part 25 to calculate the parallax A
with a well-known calculation method from the pixel output
signals respectively outputted from the pixels (light receiving
elements) of the distance measurement image sensors 22a
and 225.

Note that, if the distance (base-line length) D between the
optical axes of the first and second distance measurement
lenses Sa and 55 is too small, the parallax A is too small to
calculate the distance L to the object A accurately.

(Distance Measurement and Photometry Operation by Dis-
tance Measurement and Photometry Device 3)

Next, description will be given of a distance measurement
and photometry operation performed by the distance mea-
surement and photometry device 3 when an object is imaged
with the digital camera 1.

When a photographer half-presses the release button 7
while the power switch is ON, the controller 14 outputs a
distance measurement and photometry start instruction signal
to the distance measurement and photometry device 3. Light
beams from the object that have entered the first and second
distance measurement lenses 5a and 54 form images on the
surfaces of the distance measurement image sensors 22a and
22b, respectively, and a light beam that has entered the pho-
tometry lens 6 forms an image on the surface of the photom-
etry image sensor 23. As described above, the distance mea-
surement calculation part 25 captures the pixel output signals
outputted from all the pixels of the distance measurement
image sensors 22a and 225 and calculates a distance to the
object by calculating the displacement (parallax) between the
object images respectively formed on the distance measure-
ment image sensors 22a and 22b. In this event, the photom-

formula (1)
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etry calculation part 26 captures the pixel output signals out-
putted from the pixels of the photometry image sensor 23 and
calculates the brightness of the object on the basis of the
magnitude of the pixel outputs. The information on the dis-
tance to the object and the information on the brightness of the
object thus calculated are outputted to the controller 14.

The controller 14 performs control to drive the focusing
lens driving part 16 on the basis of the inputted distance
information. Thereby, the focusing lens driving part 16 moves
the focusing lens group of the imaging lens system 2 to a
focused position so that an object image may be formed on the
light receiving surface of the CCD image sensor 11.

The controller 14 also performs control to drive the aper-
ture unit driving part 17 on the basis of the inputted brightness
information. Thereby, the aperture unit driving part 17 sets an
opened state of the aperture unit 10 (aperture value), the
number of actuations of the electronic shutter of the CCD
image sensor 11, and the like so that the object may be
correctly exposed.

When the release button 7 is fully pressed, the object is
imaged under a focused state and with appropriate exposure
conditions (the number of actuations of the electronic shutter
of'the CCD image sensor 11, the aperture value of the aperture
unit 10, and the like). Then, the signal processor 12 captures
imaging signals outputted from the pixels of the CCD image
sensor 11 and converts the captured signals into image data
which can be displayed and recorded. The image data gener-
ated by the signal processor 12 is displayed on the liquid
crystal monitor (LCD) 15 as an image, or recorded in the
memory card 18.

As described above, according to the digital camera 1
including the distance measurement and photometry device 3
of this embodiment, the distance measurement and photom-
etry device 3 is capable of performing accurate distance mea-
surement and photometry on a wide range over the entire
image plane on the basis of the pixel output signals outputted
from the entire pixel plane of each of the planar distance
measurement image sensors 22a and 225 and photometry
image sensor 23. This allows the digital camera 1 to accu-
rately measure the distance to the object and the brightness of
the object wherever the object is in the image plane, thereby
achieving a high-quality image.

Next, the distance measurement image sensors 22a¢ and
22b and the photometry image sensor 23 of the distance
measurement and photometry device 3 will be described in
detail.

The paired distance measurement image sensors 22a and
22b and the photometry image sensor 23 on the image sensor
board 21 are integrally formed on a semiconductor wafer with
a known semiconductor process, and pixels are patterned on
each sensor with a mask. In the patterning, a mask having
such a pattern that the pixel matrices of the distance measure-
ment image sensors 22a and 226 and the photometry image
sensor 23 are parallel to one another is used. Moreover, since
a surface of the semiconductor wafer is planar, the normals to
the respective distance measurement image sensors 22a and
22b and photometry image sensor 23 are necessarily parallel
to one another. Thereby, the distance measurement image
sensors 22a and 224 are arranged without any angular dis-
placement of their light receiving surfaces, thus allowing
accurate distance measurement.

Further, the distance measurement image sensors 22a and
22b and the photometry image sensor 23 of the distance
measurement and photometry device 3 which are used in this
embodiment are significantly smaller in size than the image
sensor of the CCD image sensor 11 used in the digital camera
1 for the imaging of the object. Thus, for example, image
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sensors of camera modules generally implemented in mobile
phones and the like can be used as the distance measurement
image sensors 22a and 225 and the photometry image sensor
23 of the distance measurement and photometry device 3.

Such image sensors for camera modules of mobile phones
are mass-produced and thus advantageous in terms of cost.
Image sensors of VGA (640x480 pixels) size are especially
low in cost. Such image sensors of VGA size are as large as
approximately Yio inches.

As shown in FIG. 6, three adjacent image sensors arranged
in line (for example, three image sensors shown in diagonal
lines) are cut out from a semiconductor wafer 30 having
multiple image sensors 31 of VGA size formed thereon
through a known semiconductor process. Thereby, the image
sensor board 21 as shown in FIG. 4 in which the paired
distance measurement image sensors 22a and 225 and the
photometry image sensor 23 located between the sensors 22a
and 226 are integrally formed on its surface can be achieved
easily and at low cost. Thus, the distance measurement and
photometry device 3 can be reduced in cost.

Further, it is not necessary to add a process such as imple-
menting the distance measurement image sensors 22a and
22b and the photometry image sensor 23 located between the
sensors 22a and 225, which are used in the distance measure-
ment and photometry device 3, on the image sensor board 21
with these sensors individually positioned on the board 21.
This allows keeping a state where the distance measurement
image sensors 22a and 225 and the photometry image sensor
23 located between the sensors 22a and 225 are accurately
positioned on the image sensor board 21 for a long period, and
thereby allows performing accurate distance measurement
for a long period.

Second Embodiment

FIG. 7 is a block diagram showing a digital camera which
is an example of an imaging apparatus including a distance
measurement and photometry device according to a second
embodiment of the present invention.

As shown in FIG. 7, a digital camera 1a ofthis embodiment
includes a zoom lens group in the imaging lens system 2, and
thus includes a zoom lens driving part 19. Further, the con-
troller 14 includes an auto-focus controller (hereinafter called
“AF controller”) 14a configured to perform auto-focus con-
trol based on imaging signals captured from the CCD image
sensor 11. The configuration of the digital camera 1a exclud-
ing a distance measurement and photometry device 3a is the
same as that ofthe first embodiment shown in F1G. 2, and thus
overlapping description will be omitted (the distance mea-
surement and photometry device 3a of this embodiment will
be described in detail later).

In this embodiment, the zoom lens group is included in the
imaging lens system 2. Hence, in a case where the digital
camera la has a 28 mm to 300 mm (35 mm equivalent)
high-powered optical zoom function, for example, as shown
in FIGS. 8A and 8B, an extreme wide-angle (FIG. 8A) and an
extreme telephoto (FIG. 8B) are greatly different in imaging
angle of view (imaging range). Note that, in FIGS. 8 A and 8B,
two persons at the center are an object.

In this manner, in the digital camera 1a including the high-
powered optical zoom function, the extreme wide-angle and
the extreme telephoto are greatly different in imaging angle of
view. The imaging angle of view at the time of imaging with
the lens system zoomed in to the extreme telephoto is far
smaller than the imaging angle of view of the extreme wide-
angle. Now assume a case where only a set of the photometry
lens and the photometry image sensor is provided in the
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distance measurement and photometry device 3 as in the first
embodiment and where the angle of view of the photometry
lens is set to the imaging angle of view of the extreme wide-
angle, for example. In this case, when the object is imaged
with the lens system zoomed in to the extreme telephoto and
if a bright light source and the like is provided outside the
imaging angle of view at the time of imaging, photometry has
to be performed with the brightness of the light source taken
into account since the angle of view of the photometry lens is
set to the imaging angle of view of the extreme wide-angle.
For this reason, photometry sometimes cannot be performed
appropriately for the object within the imaging angle of view
at the time of imaging.

To address this problem, in the distance measurement and
photometry device 3a of this embodiment, three photometry
lenses 6a, 65, and 6¢ different in angle of view are formed in
line between the paired first and second distance measure-
ment lenses 5a and 56 formed on both sides of the lens array
4, and the paired distance measurement image sensors 22a
and 225 and three photometry image sensors 23a, 235, and
23¢ are formed on the image sensor board 21 to be opposed to
the first and second distance measurement lenses 5a and 54
and the photometry lenses 6a, 65, and 6c, respectively, as
shown in FIGS. 94 and 95. Note that, the distance measure-
ment image sensors 22a and 225 and the three photometry
image sensors 23a, 235, and 23¢ have the same size and the
same number of pixels. The configuration of the distance
measurement and photometry device 3a other than above is
the same as that of the distance measurement and photometry
device 3 of the first embodiment.

In this embodiment also, as shown in FIG. 6, five adjacent
image sensors arranged in line are cut out from the semicon-
ductor water 30 having the multiple image sensors 31 of VGA
size formed thereon through the known semiconductor pro-
cess. Thereby, the image sensor board 21 as shown in FIG. 9B
in which the paired distance measurement image sensors 22a
and 224 and the three photometry image sensors 23a, 235,
and 23c¢ located between the sensors 22a and 226 are inte-
grally formed on its surface can be achieved easily and at low
cost.

In this embodiment, in a case where the imaging lens
system 2 has a 28 mm to 300 mm (35 mm equivalent) high-
powered optical zoom function, an angle of view 61 of the
photometry lens 6a is set to an angle equivalent to a focal
length of approximately 150 mm (35 mm equivalent), an
angle of view 02 of the photometry lens 64 is set to an angle
equivalent to a focal length of approximately 28 mm (35 mm
equivalent), and an angle of view 63 of the photometry lens 6¢
is setto an angle equivalent to a focal length of approximately
300 mm (35 mm equivalent), for example. Note that, in this
embodiment, the angle of view of the paired first and second
distance measurement lenses 5a and 55 is set to an angle
equivalent to a focal length of approximately 28 mm (35 mm
equivalent).

(Photometry Operation by Distance Measurement and
Photometry Device 3a)

Next, description will be given of a photometry operation
performed by the distance measurement and photometry
device 3a when an object is imaged with the digital camera
la.

The distance measurement and photometry device 3a
according to this embodiment includes the three sets of the
photometry lenses 6a, 65, and 6c¢ different in photometry
angle of view and the photometry image sensors 23a, 235,
and 23c¢. Thus, when the imaging angle of view of the imaging
lens system 2 of the digital camera 1a is changed through a
zoom manipulation by the photographer, the photometry cal-
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culation part (not shown) selects one of the three sets of the
photometry lenses 6a, 65, and 6¢ and the photometry image
sensors 23a, 235, and 23¢ which is appropriate in terms of
photometry angle of view in response to the information on
imaging angle of view inputted from the controller 14, and
captures pixel output signals outputted from the photometry
image sensor of the selected set.

For example, when the imaging angle of view of the imag-
ing lens system 2 is shifted to the wide-angle side (near 28
mm (35 mm equivalent), for example), the photometry cal-
culation part (not shown) captures pixel output signals out-
putted from the photometry image sensor 235 combined with
the photometry lens 65 whose angle of view is an angle
equivalent to a focal length of approximately 28 mm (35 mm
equivalent) in response to the information on imaging angle
of view inputted from the controller 14, and calculates the
brightness of the object on the basis of the magnitude of the
pixel outputs.

Moreover, when the imaging angle of view of the imaging
lens system 2 is shifted to the telephoto side (near 300 mm (35
mm equivalent), for example), the photometry calculation
part (not shown) captures pixel output signals outputted from
the photometry image sensor 23¢ combined with the photom-
etry lens 6¢ whose angle of view is an angle equivalent to a
focal length of approximately 300 mm (35 mm equivalent) in
response to the information on imaging angle of view input-
ted from the controller 14, and calculates the brightness of the
object on the basis of the magnitude of the pixel outputs.

In the same way, when the imaging angle of view of the
imaging lens system 2 is shifted to approximately the middle
between the extreme wide-angle and the extreme telephoto
(near 150 mm (35 mm equivalent), for example), the photom-
etry calculation part (not shown) captures pixel output signals
outputted from the photometry image sensor 23a combined
with the photometry lens 6a whose angle of view is an angle
equivalent to a focal length of approximately 150 mm (35 mm
equivalent) in response to the information on imaging angle
of view inputted from the controller 14, and calculates the
brightness of the object on the basis of the magnitude of the
pixel outputs.

The brightness information which is appropriate for the
object and calculated on the basis of the imaging angle of
view of the imaging lens system 2 is outputted to the control-
ler 14. Then, the controller 14 performs control to drive the
aperture unit driving part 17 on the basis of the inputted
brightness information. Thereby, the aperture unit driving
part 17 sets an opened state of the aperture unit 10 (aperture
value), the number of actuations of the electronic shutter of
the CCD image sensor 11, and the like so that the object may
be correctly exposed.

As described above, according to this embodiment, when
the imaging angle of view of the imaging lens system 2 is
changed through a zoom manipulation, one of the three sets of
the photometry lenses 6a, 65, and 6¢ different in photometry
angle of view and the photometry image sensors 23a, 235,
and 23¢ which has an optimum angle of view can be selected
for photometry. Accordingly, photometry can be performed
accurately irrespective of the imaging angle of view of the
imaging lens system 2 selected at the time of imaging.

(Distance Measurement by Distance Measurement and
Photometry Device 3a)

Next, description will be given of a distance measurement
performed by the distance measurement and photometry
device 3a when an object is imaged with the digital camera
1a.

The first embodiment has such a configuration that dis-
tance measurement is performed on the basis of the pixel
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output signals outputted from all the pixels of the paired
planar distance measurement image sensors. On the other
hand, this embodiment has such a configuration that distance
measurement is performed on the basis of pixel output signals
outputted from only a previously-set pixel region of all the
pixels of the paired planar distance measurement image sen-
SOrS.

Specifically, as shown in FIG. 10A, five distance measure-
ment frame regions 32a, 3256, 32¢, 324, and 32e (range shown
in diagonal lines) each having a predetermined width in a
horizontal direction are set in a vertical direction at predeter-
mined intervals in the entire pixel plane of each of the paired
distance measurement image sensors 22a and 225, and dis-
tance measurement is performed on the basis of pixel output
signals outputted from the distance measurement frame
regions 32a, 32b, 32¢, 32d, and 32e.

Further, according to this embodiment, a distance measure-
ment region of a predetermined range can be set out of the
entire pixel plane of each of the distance measurement image
sensors 22a and 225 in response to a change in imaging angle
of view through a zoom manipulation of the imaging lens
system 2.

Specifically, for example, when the imaging angle of view
of'the imaging lens system 2 is shifted to the wide-angle side
(approximately 28 mm (35 mm equivalent), for example), the
distance measurement target region is the entire pixel plane
shown in FIG. 10A of each of the distance measurement
image sensors 22a and 22b. In this case, distance measure-
ment is performed on the basis of pixel output signals output-
ted from each of the five distance measurement frame regions
324, 325, 32¢, 32d, and 32e.

Meanwhile, when the imaging angle of view of the imag-
ing lens system 2 is shifted to the telephoto side (approxi-
mately 300 mm (35 mm equivalent), for example), the dis-
tance measurement target region is a narrow range C shown in
FIG. 10B (within a frame shown in a dotted line) located near
the center of the entire pixel plane of each of the distance
measurement image sensors 22a and 22b. In this case, dis-
tance measurement is performed on the basis of pixel output
signals outputted from one distance measurement frame
region 32¢ located in the narrow range C (within the frame
shown in the dotted line) near the center.

In addition, when the imaging angle of view of the imaging
lens system 2 is shifted to approximately the middle between
the extreme wide-angle and the extreme telephoto, the dis-
tance measurement target region is an intermediate region
between the entire pixel plane shown in FIG. 10A of each of
the distance measurement image sensors 22a and 225 and the
narrow range C shown in FIG. 10B located near the center. In
this case, distance measurement is performed on the basis of
pixel output signals outputted from each of multiple distance
measurement regions suited to the imaging angle of view,
which are selected from the five distance measurement frame
regions 32a, 32b, 32¢, 32d, and 32e.

Accordingly, in this embodiment, as shown in FIG. 10A,
when the imaging angle of view of the imaging lens system 2
is shifted to the wide-angle side (near 28 mm (35 mm equiva-
lent), for example), the distance measurement calculation
part 25 captures pixel output signals outputted from the five
distance measurement frame regions 32a, 3256, 32¢, 32d, and
32e suited to the imaging angle of view at this time and
calculates a distance to the object by calculating the displace-
ment (parallax) between object images.

Moreover, as shown in FIG. 10B, when the imaging angle
of'view ofthe imaging lens system 2 is shifted to the telephoto
side (near 300 mm (35 mm equivalent), for example), the
distance measurement calculation part 25 captures pixel out-
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put signals outputted from a distance measurement range of
the central distance measurement frame region 32¢ (range
shown in diagonal lines) suited to the imaging angle of view
at this time and calculates a distance to the object by calcu-
lating the displacement (parallax) between object images.

The controller 14 performs control to drive the focusing
lens driving part 16 on the basis of the distance information
inputted by the distance measurement calculation part 25.
Thereby, the focusing lens driving part 16 moves the focusing
lens group of the imaging lens system 2 to a focused position
so that an object image may be formed on the light receiving
surface of the CCD image sensor 11.

As described above, according to this embodiment, when
the imaging angle of view of the imaging lens system 2 is
changed through a zoom manipulation, one or more of the
previously-set five distance measurement frame regions 32a,
32b, 32¢, 32d, and 32e is selected according to the imaging
angle of view of the imaging lens system 2, and distance
measurement is performed on the basis of pixel output signals
outputted from the selected distance measurement frame
regions. Such a configuration allows greatly reducing the
amount of calculation as compared to the case where distance
measurement is performed on the basis of the pixel output
signals outputted from the entire pixel plane of each of the
distance measurement image sensors 22a¢ and 22b, and
thereby allows performing distance measurement calculation
processing at high speed.

When the imaging lens system 2 is zoomed in so that its
imaging angle of view may be shifted to the extreme tele-
photo, in particular, distance measurement is performed only
on the distance measurement range of the central distance
measurement frame region 32¢ (range shown in diagonal
lines) as shown in FIG. 10B. This allows further reducing the
amount of calculation and thereby allows performing dis-
tance measurement calculation processing at higher speed.
As a result, the amount of calculation required when the
object is imaged with the imaging lens system 2 zoomed in to
the telephoto side is smaller than the amount of calculation
required when the object is imaged with the imaging lens
system 2 zoomed out to the wide-angle side. Accordingly,
high-speed focus control is possible even at the time of imag-
ing on the telephoto side in which the amount of feed of the
lens group is large (zoom magnification is high).

(Focus Operation (Auto-Focus Operation) by AF Control-
ler 14a)

In addition to the external measurement type distance mea-
surement and photometry device 3, the digital camera 1a of
this embodiment includes the AF controller 14a configured to
perform auto-focus control based on imaging signals cap-
tured in the controller 14 from the CCD image sensor 11.

The AF controller 14a captures imaging signals, which are
outputted from the CCD image sensor 11, through the signal
processor 12, and calculates an AF (auto-focus) evaluation
value from the imaging signals thus captured.

The AF evaluation value is calculated from an integrated
value of outputs from a high frequency component extraction
filter, or from an integrated value of differences in brightness
between adjacent pixels, for example. In a focused state, an
edge portion of the object is clear and thus the highest high
frequency component is achieved. By using the above char-
acteristics, at the time of the AF operation (auto-focus detec-
tion operation), the AF operation is executed in such a manner
that an AF evaluation value is acquired at each focus position
of the imaging lens system 2 and the position at which the
largest AF evaluation value is achieved is set as an auto-focus
detection position.
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Specifically, when the release button 7 (see FIG. 1) is
pressed (half-pressed), the AF controller 14a instructs the
focusing lens driving part 16 so that the focusing lens driving
part 16 may be driven to move the focusing lens group of the
imaging lens system 2 in its optical axis direction, and an AF
operation of a contrast evaluation system, which is a so-called
“hill-climbing AF,” is executed, for example. If an AF (auto-
focus) target range extends across the entire region from
infinite to close, the focusing lens group of the imaging lens
system 2 is moved to each focus position while being moved
from close to infinite or from infinite to close, and the AF
evaluation value at the focus position is acquired. Then, the
position at which the largest AF evaluation value is achieved
is set as an auto-focus position, and the focusing lens group is
moved to the auto-focus position for focusing.

As described above, the digital camera 1a of this embodi-
ment includes the AF controller 14a configured to perform
auto-focus control based on imaging signals captured from
the CCD image sensor 11, in addition to the external mea-
surement type distance measurement and photometry device
3. The digital camera 1a thereby executes, at the same time,
the focus operation based on the distance information
obtained by the distance measurement and photometry device
3a and the focus operation performed by the AF controller
14a. This allows focusing the camera on the object quickly
and accurately.

To be more specific, in the focus operation by the AF
controller 14aq, at the time of imaging on the telephoto side in
which the amount of feed of the lens group is large (zoom
magnification is high), for example, the amount of movement
of the focusing lens group of the imaging lens system 2 is
increased and thus it may take time for the camera to be
focused in some cases.

To address this problem, according to this embodiment, the
focusing lens group of the imaging lens system 2 is first
moved to a position near a focus position quickly on the basis
of'the distance information obtained by the distance measure-
ment and photometry device 3a, and is then moved to the
focus position through the focus operation by the AF control-
ler 14a. Thereby, the range in which the focusing lens group
is moved at the time of the focus operation by the AF control-
ler 14a can be reduced. This allows focusing the camera on
the object quickly and accurately, and thus allows the pho-
tographer to take images without missing the right moment to
release the shutter.

Note that, it is also possible to select, through a switching
manipulation by the manipulation part 13, any one of the
focus operation based on the distance information obtained
by the distance measurement and photometry device 3a and
the focus operation performed by the AF controller 14a, and
to perform the focus operation of the selected type (on the
distance measurement and photometry device 3a side, for
example).

As has been described thus far, the distance measurement
and photometry device and the imaging apparatus according
to the present invention allow performing distance measure-
ment and photometry on a distance measurement target (ob-
ject) accurately wherever the distance measurement target
(object) is, on the basis of pixel output signals outputted from
the entire pixel plane of each of the paired distance measure-
ment sensors and the photometry sensor located between the
distance measurement sensors, the distance measurement
sensors and the photometry sensor being two-dimensional
sensors.

In the above embodiments, description has been given of
the case where the distance measurement and photometry
device according to the present invention is applied to digital
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cameras. Alternatively, the distance measurement and pho-
tometry device according to the present invention can also be
implemented in digital video cameras, in-vehicle cameras,
mobile cameras, monitoring cameras, and the like as a dis-
tance measurement and photometry device performing dis-
tance measurement and photometry.

What is claimed is:

1. A distance measurement and photometry device com-
prising:

a pair of distance measurement sensors arranged at a pre-

determined interval,

a photometry sensor arranged between the distance mea-
surement sensors;

a pair of distance measurement lenses to form images of a
distance measurement target on the distance measure-
ment sensors, respectively;

a photometry lens to form an image of the distance mea-
surement target on the photometry sensor;

a distance calculation unit to calculate a distance to the
distance measurement target on the basis of a signal
outputted from each of the distance measurement sen-
sors; and

aphotometry calculation unit to calculate brightness of the
distance measurement target on the basis of a signal
outputted from the photometry sensor, wherein

the distance measurement sensors and the photometry sen-
sor are formed on a single sensor board and each has a
plurality of two-dimensional light receiving elements
arranged in a lattice.

2. The distance measurement and photometry device
according to claim 1, wherein the distance measurement sen-
sors and the photometry sensor have the same size and the
same number of pixels, and are integrally cut out from a
semiconductor wafer having a plurality of image sensors of a
predetermined size formed thereon through a semiconductor
process.

3. The distance measurement and photometry device
according to claim 1, wherein the distance calculation unit
calculates the distance to the distance measurement target by
calculating a parallax between images of the distance mea-
surement target formed on certain pixels of the distance mea-
surement sensors, respectively, on the basis of pixel output
signals outputted from the respective distance measurement
sensors and corresponding to the respective images of the
distance measurement target.

4. The distance measurement and photometry device
according to claim 1, wherein
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a plurality of the photometry sensors are arranged between
the distance measurement sensors, and a plurality of the
photometry lenses to form images of the distance mea-
surement target on the respective photometry sensors are
arranged, and

the photometry lenses are formed to have different angles
of view, respectively.

5. An imaging apparatus in which an object image is
formed on an image sensor through an imaging lens system
and image data is generated on the basis of a pixel output
signal outputted from the image sensor and corresponding to
the object image,

the imaging apparatus comprising the distance measure-
ment and photometry device according to claim 1 for
measuring a distance to an object and brightness of the
object.

6. The imaging apparatus according to claim 5, wherein a
pixel output signal outputted from at least one of a plurality of
pixel regions, into which the entire pixel plane of each of the
distance measurement sensors is divided, is outputted to the
distance calculation unit in distance measurement.

7. The imaging apparatus according to claim 5, wherein

the imaging lens system has an optical zoom function, and

when the object is imaged with the imaging lens system
zoomed in to a telephoto side, a pixel output signal
outputted from any one of a pixel region of the entire
pixel plane of each of the distance measurement sensors
and a partial pixel region which is a part of the pixel
region is outputted to the distance calculation unit in
distance measurement, the pixel region corresponding to
an imaging region obtained by zooming in the imaging
lens system to the telephoto side.

8. The imaging apparatus according to claim 5, further
comprising

another distance calculation unit to calculate a distance to
the object on the basis of a pixel output signal outputted
corresponding to the object image formed on the image
sensor, wherein
a focus operation of the imaging lens system is per-

formed on the basis of both or a selected one of infor-
mation on a distance to the object calculated by the
other distance calculation unit and information on a
distance to the object calculated by the distance mea-
surement and photometry device.



